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Abstract—This paper proposes an improved UHF RFID tag 
using low cost materials such as transparency paper 
(polycarbonate) as the substrate and aluminum tape as the 
radiating element. The main contribution of this method is the 
reduced size of the UHF RFID tag compared to the readily 
available tags. The tag is developed by outlining a bowtie 
antenna with meandered lines. To test the effectiveness of the 
proposed method, CST simulations are carried out under 
various parameter changes such as the size, the shape of the 
bowtie, and the width of the meander line. The result shows up 
to 30% decrease in size compared to the readily available UHF 
RFID tags.    
Keywords—UHF RFID; tag; meander line; bowtie; CST 
simulation 
I.  INTRODUCTION  
In this day and age, the use of Radio Frequency 
Identification (RFID) systems can be seen everywhere. With 
recent technology developments, the Internet of Things 
(IoT), RFID is going conventional with a number of major 
retailers and manufacturers installing RFID systems for 
handling inventories and supply chains activities [1-3]. The 
system is able to play a key part in ensuring staffs are being 
stationed in customer facing roles instead of the standard 
administrative works such as stock counting. Moreover, in 
personnel identifications, RIFD are being integrated with 
access control system which grants user access to restricted 
areas or buildings with their identifications in the system. On 
that note, RFID system consists of three components, an 
RFID transponder, or tag, RFID reader, and an antenna. The 
tag contains an integrated circuit (IC) which will be powered 
up by the electromagnetic waves transmitted by the reader 
[4]. When the tag is powered up, the IC is used to transmit 
data to the RFID reader and then transferred through a 
communication interface to a computer system where it can 
be stored, displayed, or analysed at a later time. On the other 
hand, there are generally two types of RFID devices which 
are active RFID and passive RFID. 
Next, passive tags are cheaper, smaller, and easier to 
manufacture compared to the active tags because they do not 
require their own transmitter or power source, but only a tag 
chip and an antenna. On the other hand, the read range of 
passive tags are typically less than 10m compared to 100m 
read range of active tags as they are limited by the power of 
the tag’s backscatter, or the radio signal reflected from the tag 
back to the reader. This paper introduces the combination of 
low cost materials such as transparency paper as the substrate 
and aluminum tape as its radiating element for a UHF RFID 
tag. The size of this combination is then compared to the 
generic UHF RFID tag that is already available in the market.  
II. METHODOLOGY 
A. UPM RAFLATAC DogBone 
 
 
Fig. 1. The dimensions of the readily available UHF RFID tag 
 
Figure 1 shows the available RFID Tag which is called UPM 
RAFLATAC Dog Bone. This Tag is available from the 
existing market. 
 
B. UHF RFID Tag Using Transparency Paper 
Polycarbonate (PC) or more commonly known as 
transparency paper or film are commonly used in electronic 
components as it is a good electrical insulator, heat resistant, 
and also has flame retardant properties. PC also have a very 
low loss tangent at δ = 0.008. On that note, the transparency 
paper will be used as the substrate for the tag. Below are the 
three designs that were based on the shape of a bowtie 
antenna, with various shapes of wings. Fig 1 shows a 
meandered line of a bowtie shape. The turn of the meander 
line are long with a large and consistent difference of length. 
Next, Fig 2 shows a slightly slimmer bowtie, but with a small 
and consistent difference of length. Finally, Fig 3 shows a 
similar sight of bowtie shape with Fig 2, but the turn length 
difference are small and inconsistent as it is traced from a 
tapered bowtie shape with the circle radius of r=100m. 
 
Fig. 2. Bowtie Meander 
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 Fig. 3. Thin Bowtie Meander  
 
Fig. 4. Tapered Bowtie Meander  
III. RESULTS AND ANALYSIS 
 The operating frequency a, bandwidth and gain are as 
shown in the tabulated simulation results below. 
TABLE I.  PARAMETERS OF THREE DIFFERENT BOWTIE MEANDER 
ANTENNA 
Antenna 
Results 
Gain (dB) Operating Frequency (GHz) 
Operating 
Bandwidth (GHz) 
Bowtie 
Meander 
1.355 0.95 0.05 
Thin 
Bowtie 
Meander 
1.545 0.96 0.037 
Tapered 
Bowtie 
Meander 
1.67 0.97 0.083 
 
Fig. 5, 6, and 7 show the reflection coefficient S11 for the 
design shown in Fig. 2, 3 and 4. The parameters of the 
antenna are listed in Table 1 for gain, bandwidth and 
operating frequency.  
 
Fig. 5. S11 result obtained for Bowtie Meander 
Fig. 6. S11 result obtained for Thin Bowtie Meander 
 
 
Fig. 7. S11 result obtained for Tapered Bowtie Meander 
IV. CONCLUSION 
The main goal of the current study was to design, evaluate 
and compare the performance of the readily available UHF 
RFID tag with the bowtie-shaped meander line antenna. The 
results are shown and have been tabulated. The study has 
identified that the designed antenna could perform as a UHF 
RFID tag under controlled condition with reduced size 
compared to the readily available UHF RFID tag. 
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